A novel Gram-stain-negative, rod-shaped bacterial strain, designated KX27 T , was isolated from deep-sea sediment of the Okinawa Trough and characterized on the basis of a polyphasic taxonomic approach. The phenotypic features of strain KX27
The genus Shewanella, belonging to the class Gammaproteobacteria (Anzai et al., 2000) , was first described by MacDonell & Colwell (1985) . Numerous Shewanella species have been isolated from various environments, such as clinical samples, freshwater, marine sediments, fish, tidal flats, seawater and sludge (Venkateswaran et al., 1999; Xu et al., 2005; Miyazaki et al., 2006; Satomi et al., 2006; Romanenko et al., 2008; Park et al., 2009; Huang et al., 2010; Yoon et al., 2012; Wang et al., 2013) . At the time of writing, 62 species in this genus have been recognized (http://www.bacterio. net/shewanella.html). Most Shewanella species have been isolated from marine environments including the deep sea (Xiao et al., 2007) . In the current study, a novel bacterium of the genus Shewanella, strain KX27
T , isolated from deepsea sediment of the Okinawa Trough, was characterized using phenotypic and phylogenetic analyses.
Strain KX27
T was isolated from deep-sea sediment at Iheya Ridge in the Okinawa Trough. The sediment was obtained at a water depth of 1011 m (27 47.43¢ N 126 53.28¢ E) by a remotely operated vehicle on the vessel KEXUE during the cruise of April 2014 (Tollefson, 2014) . Sample aliquots were removed with a platinum loop and serially diluted with liquid marine 2216 medium (Kobayashi et al., 2008) . Marine 2216 agar plates were inoculated with sample dilutions using the streak-plate method to obtain colonies. After incubation for 5 days at 28 C under aerobic conditions, strain KX27
T was isolated, and a pure culture was obtained after three successive transfers to fresh medium. The strain was stored at À80 C in liquid medium supplemented with 20 % (v/v) glycerol.
The size, shape and morphology of the strain grown on marine agar 2216 medium at 28 C for 3 days were determined via a Nikon ECLIPSE Ti-S inverted microscope and of cells negatively stained with 1 % (w/v) phosphotungstic acid via transmission electron microscopy (JEM-1200; JEOL). Motility was observed by the hanging-drop method (Bernardet et al., 2002) . Gram staining was performed according to the protocol of Doetsch (1981) . Catalase activity was determined by bubble production with 3 % (v/v) aqueous hydrogen peroxide solution. Oxidase activity was determined using an oxidase reagent (bioM erieux). Degradation of Tween 20, Tween 40, gelatin and starch was assessed with standard protocols (Tindall et al., 2010 T were used as reference strains. Physiological characteristics, carbon utilization and enzyme production were determined using API 20NE and API ZYM strips (bio-M erieux) according to the instructions of the manufacturer. H 2 S production was tested using API 20E strips (bio-M erieux). Anaerobic growth was determined by incubation for 10 days in an anaerobic incubator (YQX-II; Yuejin) containing an atmosphere of 85 % N 2 , 10 % CO 2 and 5 % H 2 . Anaerobic growth was tested with various electron acceptors such as nitrate, sulfur and iron oxide and suitable donors such as lactate and pyruvate as described by Bowman et al. (1997) . The temperature range for growth was determined on 2216 agar plates from 0 to 45 C (0, 4, 8, 16, 28, 30, 35 37, 40, 42 C) . Salinity and pH ranges for growth were determined by measuring optical densities at 595 nm after incubation in 96-well microplates as reported previously (Dai et al., 2014) . Growth in liquid marine 2216 medium was evaluated at pH 3.0-11.0 using the following buffer systems: Na 2 HPO 4 /citric acid (pH 3.0-7.0), Tris/HCl (pH 8.0-9.0) and Na 2 CO 3 /NaHCO 3 (pH 10.0-11.0).
Cells of the deep-sea bacterial isolate KX27
T were Gramstain-negative, rod-shaped, 0.5-0.8 µm in diameter and 1.5-3.5 µm in length, motile by means of a single polar flagellum (Fig. S1 , available in the online Supplementary Material). Growth was observed at 4-37 C (optimum, 28 C), but not at above 37 C. Cells grew in the pH range 6.0-9.0 (optimum, pH 7.0). Growth was observed in the presence of 0-5 % (w/v) NaCl (optimum, 2 %), but not at above 6 % (w/v) NaCl. After growth on 2216 agar at 28 C for 3 days, colonies were circular to slightly irregular, opaque, convex, non-pigmented to slightly pinkish and 2 mm in diameter. Growth did not occur under anaerobic conditions. The strain was positive for catalase and oxidase. Cells reduced nitrate to nitrite, and nitrogen gas was not formed from nitrite. The phenotypic characteristics are listed in Table 1 and in the species description. Phenotypic studies showed that the isolate displayed characteristics consistent with those for the genus Shewanella, but strain KX27
T differed significantly from related type strains in terms of several phenotypic properties, such as temperature requirement, assimilation of certain carbon compounds and enzyme activities.
Antibiotic susceptibility tests were performed on 2216E agar plates using discs (Hangzhou Microbial Reagent) containing the following antibiotics (µg per disc unless otherwise T was resistant to piperacillin and oxacillin but sensitive to 28 other antibiotics. Polar lipids were separated by two-dimensional TLC. The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.), while the second was developed in chloroform/acetic acid/methanol/water (80 : 18 : 12 : 5, by vol.). Identification of individual lipids was performed by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) . The polar lipids found in strain KX27
T were phosphatidylethanolamine, phosphatidylglycerol and two unidentified aminophospholipids (Fig. S2) . The major polar lipids of strain KX27
T were phosphatidylethanolamine and phosphatidylglycerol, which was consistent with those of other type strains of the genus Shewanella (Toffin et al., 2004; Park et al., 2013) .
For cellular fatty acid analysis, strain KX27
T and the reference strains (S. basaltis JCM 14937 T and S. morhuae NBRC 100978 T ) were cultured on trypticase soy broth agar at 28 C for 3 days to reach the late exponential stage of growth. Fatty acid methyl esters were prepared and analysed according to the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0), and identification was performed using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The cellular fatty acid profile of strain KX27
T is given in Table S1 . The fatty acids of strain KX27
T comprised straight-chain (saturated and unsaturated), branch-chain and hydroxyl fatty acids. The predominant components were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 17 : 1 !8c, summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) and iso-C 15 : 0 . The cellular fatty acid profile of strain KX27
T was similar to those of the phylogenetically closely related type strains, S. basaltis JCM 14937 T , S. hafniensis NBRC 100975 T , S. xiamenensis JCM 16212 T and S. morhuae NBRC 100978 T . In the profile of saturated fatty acids, C 13 : 0 , C 16 : 0 and C 17 : 0 of strain KX27 T were at lower percentages than those of other Shewanella species. In the profile of unsaturated fatty acids, C 16 : 1 !7c and/or C 16 : 1 !6c and C 15 : 1 !6c of strain KX27 T were at higher percentages, but C 16 : 1 !9c was at a lower percentage than those of other Shewanella species.
The cellular quinones of strain KX27
T were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC. The major respiratory quinones comprised both ubiquinones and menaquinones. The ubiquinones detected in strain KX27
T were Q-7 (22 %) and Q-8 (77 %), with Q-9 (1 %) as a minor component. The major menaquinones of strain KX27
T were MK-7 (50 %) and MMK-7 (39 %), with MK-8 (4 %) and MMK-8 (7 %) as minor components. The presence of ubiquinones, menaquinones and methylmenaquinones has been reported in the genus of Shewanella. The major ubiquinone composition of strain KX27
T strongly resembled those of S. xiamenensis, S. oneidensis and S. decolorationis (Venkateswaran et al., 1999; Xu et al., 2005; Huang et al., 2010 
KX27
T strongly resembled that of S. xiamenensis (Huang et al., 2010) .
Genomic DNA was extracted using a Tiangen DNA kit following the manufacturer's instructions. The 16S rRNA gene was amplified with the universal primers B27F (5¢-AGAGTTTGATCCTGGCTCA-3¢) and B1492R (5¢-GGCTACCTTGTTACGACTT-3¢) (Frank et al., 2008) . Amplification of the DNA gyrase B subunit gene (gyrB) was performed using the universal primers UP-1 and UP2r as described by Yamamoto & Harayama (1995) . The PCR product was cloned into pEASY-T (TransGen Biotech) and confirmed by sequence analysis. The nearly complete 16S rRNA gene (1504 nt) and gyrB gene (1256 nt) of strain KX27
T were submitted to GenBank (accession numbers KT781407 and KT899992, respectively). 16S rRNA gene sequence analysis was performed using the EzTaxone server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The gyrB gene sequence of strain KX27
T was compared with available gyrB gene sequences at GenBank. Phylogenetic trees of 16S rRNA and gyrB genes were reconstructed using MEGA6 (Tamura et al., 2013) after multiple data alignment with CLUSTAL W. Phylogenetic trees were also reconstructed with the neighbour-joining and maximum-likelihood methods, and distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . The topology of the phylogenetic trees was estimated by bootstrap analysis of 1000 replicates (Felsenstein, 1981) . The genomic DNA G+C content was determined according to Mesbah et al. (1989) . DNA-DNA hybridization was performed with the genomic DNA of Growth at/in: 
strain KX27 T and S. basaltis JCM 14937 T as reported previously (Liu & Shao, 2005) .
The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences (Fig. 1) Kim et al. (2014) as the threshold value at which the corresponding mean DNA-DNA reassociation values are always lower than 70 %, the value stated by Wayne et al. (1987) for bacterial species delineation. DNA-DNA hybridization was performed to determine the genomic relatedness between strain KX27
T and the three most closely related Shewanella type strains, i.e. S. basaltis JCM 14937 T , S. hafniensis NBRC 100975 T and S. xiamenensis JCM 16212 T . The results showed that the mean DNA-DNA hybridization values between strain KX27 T and S. basaltis JCM 14937 T , S. hafniensis NBRC 100975 T and S. xiamenensis JCM 16212 T were 54.1±2.0, 38.5±2.6 and 19.3±0.8 %,
Shewanella xiamenensis S4 T (FJ589040)
Shewanella oneidensis MR-1 T (AF005251)
Shewanella putrefaciens ATCC 8071 T (X82133)
Shewanella profunda DSM 15900 T (AY005251)
Shewanella hafniensis P010 T (AB205566)

Shewanella decolorationis S12 T (AJ60571)
Shewanella seohaensis S7-3 T (GU944672)
Shewanella baltica NCTC 10735 T (AJ000214)
Shewanella glacialipiscicola T147 T (AB205571)
Shewanella morhuae U1417 T (AB205576)
Shewanella inventionis KX27 T (KT781407)
Shewanella basaltis J83 T (EU143361)
Shewanella vesiculosa M7 T (EU702750)
Shewanella livingstonensis LMG 19866 T (AJ300834)
Shewanella frigidimarina ACAM 591 T (U85903)
Shewanella arctica IR12 T (GU564402)
Shewanella aestuarii SC18 T (JF751044)
Shewanella denitrificans OS217 T (AJ311964)
Shewanella gaetbuli TF-27 T (AY190533)
Shewanella donghaensis LT17 T (AY326275)
Shewanella electrodiphila MAR441 T (FR744784)
Shewanella japonica Cells are Gram-stain-negative, aerobic, motile by means of a single polar flagellum, rod-shaped, 0.5-0.8 µm in diameter and 1.5-3.5 µm in length. Colonies are circular to slightly irregular, opaque, convex, non-pigmented to slightly pinkish and 2 mm in diameter after incubation for 3 days on 2216E agar. The temperature range for growth is 4-37 C (optimum, 28 C). Growth does not occur above 37 C or below 4 C. The pH range for growth is 6.0-9.0 (optimum, pH 7.0). Cells grow in the presence of 0-5 % (w/v) NaCl (optimum, 2 %). Positive for Tween 20 and Tween 40 hydrolysis; negative for starch and gelatin hydrolysis. Cells are catalase-and oxidase-positive and urease-, indole-and arginine dihydrolase-negative, and can reduce nitrate to nitrite. H 2 S is not produced. Mannitol and malate can be utilized as sole carbon and energy sources, but not glucose, arabinose, mannose, N-acetylglucosamine, maltose, gluconate, caprate, adipate, citrate or phenylacetate. Positive for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, a-glucosidase naphthol-AS-BI-phosphohydrolase and a-galactosidase (API ZYM). Negative for esterase (C4), lipase (C14), cystine arylamidase, trypsin, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. The predominant fatty acids are summed feature 3 (C 16 : 1 !7c and/ or C 16 : 1 !6c), C 17 : 1 !8c, summed feature 8 (C 18 : 1 !7c and/ or C 18 : 1 !6c) and iso-C 15 : 0 . The major polar lipids are phosphatidylethanolamine and phosphatidylglycerol. Cells are resistant to piperacillin and oxacillin, but sensitive to neomycin, minocycline, midecamycin, tetracycline, gentamicin, chloramphenicol, kanamycin, erythromycin, amikacin, penicillin G, cephalothin, vancomycin, cefuroxime, norfloxacin, polymyxin B, carbenicillin, ceftriaxone, ceftazidime, doxycycline, sulfamethoxazole, furazolidone, clindamycin, ofloxacin, ampicillin, ciprofloxacin, cefradine and cefoperazone.
The type strain is KX27 T (=KCTC 42807 T =CGMCC 1.15339 T ), isolated from deep-sea sediment of the Okinawa Trough. The DNA G+C content of the type strain is 43 mol%.
